A new class of tests based on convex combination of the two statistics is proposed. These are functions of sub-sample order statistics. The 
Introduction
One of the widely studied concepts in probability and statistics is the dependence relations between random variables. The relation between random variables X and Y is explored by designing some studies such as determining whether X and Y are independent or dependent. For example, a doctor may be interested in studying the relationship between obesity and blood pressure. Particularly, he may be interested in testing whether obesity (X) and blood pressure (Y) are independent against the alternative that they are positively associated. Testing the hypothesis that the time until it takes an infant to walk alone (X) is independent of the infant's IQ at a later age (Y) versus the alternative that children who learn to walk early tend to have higher IQs may be a problem of interest to the psychologists. and .
The definition of particular type of dependence namely positive quadrant dependence (PQD) due to Lehmann [9] is given below. ( ).
, y x
The dependence is strict if the inequality holds at least for one pair ( ).
A concept that is symmetric to PQD is the concept of negative quadrant dependence (NQD), which swaps the inequality in the definition of PQD.
The relation between both the concepts can be seen in terms of monotonic transformations. However, if an increasing function is applied to one random variable and a decreasing function to the other random variable, then the quadrant dependence of the transformed couple of random variables is On Testing Against Positive Quadrant Dependence … 109 changed. The probabilistic approach says that the probability that random variables be jointly large is greater than that when are looked separately.
Positive quadrant dependence might be a very realistic assumption in many situations. For example, in the study of life expectancies among men and women in various countries, one would expect that a higher life expectancy for men in one country goes along with a higher life expectancy for women in that country. Recently, there is more attention on the effects of positive dependence among risks. Positive dependence may lead to substantial deviations in the stop-loss premiums, compared to independence case. In mathematical finance, positive (or negative) dependence is an important concern. For instance, one wishes to know whether certain stocks are negatively dependent in order to build a well-balanced portfolio.
A measure of general positive association between two random variables X and Y is defined in terms of covariance between every pair of nondecreasing real functions f and g as
Equality holds if X and Y are independent. Furthermore, if the pair of functions f, g are real and non-
Consequently, general positive association and PQD are equivalent. The concept of PQD has been used to construct conservative confidence intervals for the components of the mean vector in bivariate normal distribution. Many applications of this concept may be founding the study of contaminated independence models, slippage problems, tests of symmetry, etc.
In this paper, we consider the problem of testing the null hypothesis of independence
with strict inequality on a set of non-zero probabilities. It should be noted here that since F and G are unknown, 0 H and 1 H are both composite. Moreover, the alternative 1 H is ordered which gives rise to general difficulties associated with ordered restricted inference.
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For testing independence against PQD, Kochar and Gupta [6, 7] proposed some competitors of Kendall's sample tau coefficient. Schriever [13] contained a large number of tests, available in the literature for the problem of independence. Shetty and Pandit [15] [16] [17] proposed distributionfree tests for this problem based on the ordering of observations in subsamples. The statistic proposed by Kochar and Gupta [7] is a member of the test proposed by Shetty and Pandit [17] . In this paper, we propose a class of distribution-free tests for this problem.
In Section 2, we propose a new class of distribution-free tests based on U-statistics for testing 0 H against .
1
H The distribution of the test statistics is considered in Section 3. Section 4 is devoted to asymptotic relative efficiency properties. Some remarks and conclusions are given in Section 5.
The Proposed Class of Test Statistics
Let the random sample ( ) ( ),
and with strict inequality for at least one ( ).
, y x Let 2 ≥ k be a fixed positive integer. Then the proposed test statistic is based on U statistic with kernel defined by 
where the summation is over all combinations of k integers ( ) 
can be written as
The expectation of ( ) 
and B is of bounded variation on finite intervals, we can integrate by parts and obtain
The asymptotic distribution of ( )
is emphasized in Theorem 2, the proof of which is the consequence of Hoeffding [5] .
Theorem 2. Under the assumed model and
is as defined by (2.1).
The corresponding asymptotic variances of ( ) 
Asymptotic Relative Efficiencies
Pitman introduced a method for asymptotic comparison of test procedures popularly known as Pitman asymptotic relative efficiency (ARE). It is defined as the limiting ratio of sample sizes of the two test procedures required to attain the same limiting power for the sequence of alternatives converging to the null hypothesis.
For the sequence of Pitman alternatives, the efficacy of ( )
The asymptotic relative efficiency of ( )
with respect to any other test T is given by
For Pitman asymptotic relative efficiency comparisons, three models namely Morgenstern [10] distribution, Woodworth [18] family of distributions and Block and Basu [2] distributions are considered.
First we consider Woodworth [18] family of distributions, which is given by the pdf
Woodworth [18] family of distributions contains Morgenstern [10] distribution as a particular case when .
The asymptotic relative efficiencies (AREs) of the ( ) Also, AREs of ( ) r k U , relative to Kendall's tau n T for Morgenstern [10] distribution are given in 
